(Communicated by Takao FusAYAMA, M. J. A., Oct. 12, 1989) 
Introduction. Several cell lines have been derived from mammalian dental pulps,1)'2) for studying mechanisms of dental hard tissue formation. But a cell line derived from human dental pulp maintaining the properties of origin tissue has never been established.
Normal human cells in culture usually cease to proliferate after a limited number of cell divisionss>'4> and very rarely turn into a spontaneously immortalized cell line.5>,~~ Consequently most human cells have so far been transformed by various chemical, physical, or microbial agents in order to immortalize. Among these agents, microbial transformation has several advantages over chemical or physical agents, permitting identification of target cells by a built-in marker of viral expression.
We succeeded to establish the cultured cell line of human dental pulp by transfecting Simian Virus 40 (SV40) DNA, though the cell line was partially transformed. The technique of transfection and culture of the human dental pulp cells and their characteristics are described in this article.
Materials and methods. 1) Establishment o f the cultured cell line. A freshly extracted human permanent mandibular premolar (13 years old) was grooved along the long axis of the tooth with a diamond turbine bur. The tooth was split by placing sterile pliers in the groove and applying a gentle pressure. The coronal part of the dental pulp was taken out and cut into small slices in Dulbecco's modified Eagle medium supplemented with 100 ,ug/ml streptomycin (Meiji), 100 U/ml penicillin (Meiji) and, 10% (V/V) fetal bovine serum (Flow Lab. lot. No. 29101908), that was a 10%PS medium. This pulp tissue was transferred to a 35 mm plastic tissue culture dish (Falcon) and incubated in the 10%PS medium at 37°C under humidified 5% C02:95% air. The medium was renewed periodically every 2 days. Out-growth of the cells was initially recognized after 48 hours in culture.
For transfection of the cultured cell, we constructed in advance the recombinant plasmid DNA, the pMT1-neo. It consisted both the pMT18) including the early region of SV40 DNA and the pSV2**neo including the "neo" region to code the bacterial transferase APH(3')II forr expressing tolerance to geneticin.
The subcultured out-growing dental pulp cells were transfected at 5th passages with a calcium phosphate co-precipitation method using 2.0X105 cells with 10 lug of each of the above described pMT1-neo and the calf thymus DNA as the carrier. The transfected cells were selected in the 10%PS medium supplemented with 400 µg/ml geneticin, and the rapidly growing clones were isolated for continuous serial culture. Cloning was done at the 19th and 50th passages, and the clone (LSC) at over 100th passages was examined for the characteristics below.
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2) Alkaline phosphatase (ALPase) activity test. The LSC cells were inoculated in 12-well plates (Costar) at 5x104 cells/2.0 ml/well and incubated in the 10% PS medium (A-) or the 10% PS medium supplemented with 5 mM $-sodium glycerophosphate and 50 µg/ml L-ascorbic acid (A+). After several days, the cells were dissolved in a 10 mM Tris-HC1 buffer, pH 7.4, containing 250 mM sucrose, 1 % Triton X-100 and 2.5 mM MgC19 and homogenized with a microhomogenizer (Bio-Science). Measurements of ALPase activity were carried out by the Kind-King method."
The activities were expressed as the amount of liberated phenol (nmol) per minute per 1x10 cells.
3) Other characterization o f the LSC cells. Antigen expression, isozyme pattern, and type of ALPase of the LSC cells were investigated by the methods of respectively Harlow et al.,'°) Ii11) and Goseki et al.l2~ Results.
The LSC cells were cultured over 160 passages and the cultures were mycoplasma-free.
By phase-contrast microscopy, the LSC cells when confluent seemed to be fibroblast-like monomolphic cells (Fig. 1a) . When these confluent cultures were maintained by periodically changing the medium, they formed some focus-like cell aggregations on dishes (Fig. 1b) . (Fig. 3) . After becoming confluent, however, the activity rapidly increased in both the A+ and A-mediums, and the activity of the A+ culture was significantly greater than that of the A-culture at 14 days.
The ALPase inhibitory test using heat inactivation, L-phenylaranine, and by several articles,13) but no attempt has been made with human dental pulp cells. The other technique of immortalization have also not been attempted for establishment of human dental pulp cell line. In this study, by transfecting the pMT1-neo plasmid, we successfully established the human dental pulp cells. The immortality of these LSC cells was recognized by the replication capability which was maintained beyond the period of senescence for the non-transfected HOP cells. The characteristics of the transfected LSC and the non-transfected HOP cells were studied in the process of long culture.
The ALPase activity implicated in calcification14> and is the best known marker for odontoblasts.l5>
Although the activity of the LSC cells was lower than that of the non-transfected HOP cells at early passages, the LSC cells maintained the level of the activity at the early passages up to over 100 passages when the HOP cells lost their activities of proliferation and ALPase. The LSC cells further increased the activity in response to the inducible agents, such as L-ascorbic acid and $-sodium glycerophosphate.
The maintenance of the activity and the responsiveness to the inducible agents suggested that the LSC cells partially possessed the differentiation potential and the functional properties of dental pulp cell.
The LSC cells changed their morphology, the number of chromosome, and their ALPase activity as compared with the initial HOP cells, but they retained the anchorage-dependence.
These results showed that the LSC cells were only partially transformed. Therefore they are believed to be useful for studying mechanisms of dentine formation. They are also potential to be used in the future research for exploring the possibilities of in vitro mineralization and the cellular response to physical or physiological agents, which have so far been studied with the cell lines derived from bone or bone tumor.
